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ABSTRACT
It  h as  long b e e n  a p p a re n t  th a t som e m eth o d  of c o n tro llin g  
p ink  ro o t  of sh a llo ts  i s  n eed ed . E s p e c ia l ly  is  th is  n e ed  p re s s in g  in  
the s h a llo t  a r e a  of S o u th e rn  L o u is ia n a . T h e re fo re ,  a  s tu d y  w as m ade  
c o n ce rn in g  p o ss ib le  c o n tro l m e a s u re s  an d  f a c to r s  r e la te d  to  c o n tro l of 
the d is e a s e .
It w as found th a t  c h e m ic a ls  r e p o r te d  to  have re d u c e d  th e  
d is e a s e  in  C o lo rado  w ere  n o t e ffec tiv e  u n d e r  L o u is ia n a  c o n d itio n s .
W hen 44 fu n g ic id es w e re  a s s a y e d  in  the la b o ra to ry ,  i t  w as found th a t 
se v e n  w ould k il l  the p in k  ro o t  fungus a t  r a te s  w hich  w ere  p r a c t ic a l  on 
a  f ie ld  b a s i s .  S ix of th e  se v en  fu n g ic id es  w ere  o rg a n ic  m e r c u r y  c o m ­
pounds. The se v en  fu n g ic id e s  w e re : A g ro x , C e re s a n  M, M an za te , 
M e rg am m a, M e rso lite  8, S e m e sa n  and S e t r e te .  In g ree n h o u se  t e s t s  
i t  w as n o ted  th a t  M e rg a m m a  and M e rso lite  8 w ere  phy to tox ic . F ie ld  
t e s t s  show ed th a t  the g ree n h o u se  t e s t  w as re l ia b le  in  the  ca se  o f th e se  
two m a te r ia ls  s ince  th e y  a ls o  show ed to x ic i ty  th e r e .  F ie ld  t e s t s  a lso  
show ed th a t  a ll  sev en  fu n g ic id es , w ith th e  ex cep tio n  of M e rg a m m a , 
s ig n if ic a n tly  re d u c e d  the  in c id en c e  of p in k  ro o t w hen ap p lied  to  the  opened  
ro w  as a  d re n c h . The c h e m ic a ls  w ere  a p p lied  a t  a  c o n c e n tra tio n  of 
100 ppm  in  re la t io n  to  the w eight of the t r e a te d  so il. T h is w ould be 
a p p ro x im a te ly  e le v en  pounds p e r  a c re  on s ix - fo o t ro w s and se v e n te e n
vi
pounds on fo u r - fo o t  ro w s . S e m e sa n , S e tr e te ,  and  A g ro x  in  th a t  o rd e r  
gave v e ry  good c o n tro l of th e  d is e a s e  and  the  u se  of an y  one of th e se  
m a te r ia ls  m a y  w e ll b eco m e  an  e ff ic ie n t and  p r a c t ic a l  c o n tro l m e a s u r e .  
The re  s tilts  of the  s tu d y  te n d e d  to  show  a  c o r r e la t io n  b e tw ee n  l a b o r a ­
to r y  and f ie ld  te s t in g  of fu n g ic id e s . H ow ever th e r e  w as no c o n s is te n t  
c o r r e la t io n  b e tw e e n  la b o ra to ry ,  g re e n h o u se , and  f ie ld  t e s t s .  L a b o r a ­
to r y  and g re e n h o u se  te s ts  a lone  d id  no t a p p e a r  to  be c o m p le te ly  a c ­
c u ra te  in  d e te rm in in g  the e f fe c tiv e n e s s  of the  fu n g ic id es  u n d e r f ie ld  
c o n d itio n s .
The s tu d y  re v e a le d  th a t  a  f o u r - y e a r  ro ta t io n  p lan  w as no t 
su ita b le  fo r  c o n tro l of the p ink  ro o t  d is e a s e . I t  a ls o  show ed  th a t  h e a t  
t r e a tm e n t  of p in k  r o o t  in fe c te d  s h a llo t  s e ts  a t  te m p e r a tu re s  up to  56° C 
fo r  60 m in u te s  w as in ju r io u s  to  the  s e ts  and  d id  n o t r i d  th e m  of the  
fungus..
The r e s u l t s  of the  s tu d y  m a y  w ell fo rm  the b a s is  fo r  a  
p r a c t ic a l  c o n tro l of the  p ink  r o o t  d is e a s e  of s h a llo ts .
INTRODUCTION
Since  the  f i r s t  r e p o r t  o f p ink  ro o t in  1917 (25), th e  d is e a s e  
h a s  b e e n  r e p o r te d  f ro m  a ll  the  onion g ro w in g  re g io n s  in  the  U. S. , 
C an ad a , A u s tr a l ia  and  the  B e rm u d a  Is la n d s  (23). A lm o st a l l  v a r ie t ie s  
of on ions a r e  su sc e p tib le  to  the d is e a s e ,  a s  a re  sh a llo ts  and  g a r l ic  (21).
T he fungus cau sin g  the  d is e a s e ,  P y re n o c h a e ta  t e r r e s t r i s  
(H ansen ) G o re n z  e t  a l. , is  s o i l -b o rn e ,  and re m a in s  in  the  so il  fo r  a  
long  p e r io d  of t im e . The m o s t  c h a r a c te r i s t i c  sym p tom  of the  d is e a s e  
i s  the  e ffe c t upon the  ro o t  s y s te m s  of a tta c k e d  p la n ts . W hen the  ro o ts  
a r e  invaded  b y  the  fu ngus, th e y  take on  a  c h a r a c te r i s t i c  p in k  c o lo r , 
hence  the  com m on  n am e p in k  ro o t  d is e a s e .  The d is e a s e  a ls o  c a u se s  
a  s tu n tin g  of the  p la n t a long  w ith  dying b a c k  of the  t ip s  of the  le a v e s  and 
in  s e v e re  c a s e s  even  d e a th  of th e  p lan t.
In the  p a s t  few  y e a r s  p ink  r o o t  h as  b eco m e  a  s e r io u s  th r e a t  to 
s h a llo t  p ro d u c tio n  in  p a r ts  of L o u is ia n a . In  m an y  in s ta n c e s  lan d  h as  
b e e n  abandoned  fo r  s h a llo t  p ro d u c tio n  b e c a u se  of the s e v e re  p ink  ro o t  
w h ich  d e v e lo p s . E s p e c ia l ly  is  the  d is e a s e  of im p o rta n c e  in  the  so u th e rn  
p a re  of the  s ta te  w here  the  f a r m s  a re  s m a ll  and  su itab le  ro ta t io n  is  no t 
f e a s ib le .  In th e se  c a s e s ,  a  s e v e re  p in k  ro o t  in fe s ta tio n  m a y  n e c e s s i ta te  
th e  g r o w e r 's  find ing  o th e r  m e a n s  of liv e lih o o d .
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No s a t is f a c to r y  c o n tro l m e a s u re  fo r  p in k  ro o t  h a s  b e e n  r e ­
p o r te d . The p r in c ip a l  way o f avo id ing  the  lo s s e s  in c u r r e d  b y  the 
d is e a s e  w as to  le a v e  sh a llo ts  off of in fe s te d  la n d  a s  m u c h  a s  p o s s ib le . 
M any s m a ll  f a r m e r s  d id  no t have enough la n d  to  do th is .  T h u s, as 
m o re  and  m o re  la n d  b e ca m e  in fe s te d  w ith  the  p in k  ro o t  fu n g u s, the  
n e e d  fo r  an  in te n s iv e  study  of c o n tro l m e a s u re s  b e c a m e  m o re  p r e s s in g .
The o b je c t o f th is  s tu d y  w as to  c a r r y  ou t in v e s tig a tio n s  in to  
p o s s ib le  c o n tro l m e a s u re s  an d  f a c to r s  re la te d ^ to  c o n tro l of th e  d is e a s e .  
The s tu d y  included : (1) t e s t s  of fu n g ic id es  sa id  to  c o n tro l th e  d is e a s e  
in  o th e r  a r e a s ,  (2) la b o r a to ry  te s tin g  of fu n g ic id es  fo r  th e i r  a b il i ty  to  
k i l l  the  p ink  ro o t  fungus, (3) fu r th e r  te s tin g  of fu n g ic id es  w hich  had  
show n p ro m is e  in  the  la b o ra to ry  in  the  g ree n h o u se  and  u n d e r f ie ld  c o n ­
d itio n s  in  an  e f fo r t  to  c o r r e la te  the  d if fe re n t m e th o d s  of te s t in g ,
(4) o b se rv a tio n s  on the  e ffe c ts  of ro ta t io n  on the  o c c u r re n c e  of p ink  
ro o t  and  (5) h e a t  t r e a tm e n t  s tu d ie s  a im e d  a t ob ta in ing  d is e a s e - f r e e  
s e ts .
L IT E R A T U R E  REVIEW
P in k  R oot
E d g e r to n  (6) r e p o r te d  in  1921 th a t p ink  r o o t  had  b e e n  n o ted  in  
L o u is ia n a  s in ce  1909. H o w ev er, a p p a re n tly  the f i r s t  p u b lish ed  r e p o r t  
of the d is e a s e  w as th a t  of T aubenhaus (25) in  1917, He r e p o r te d  the  
o c c u r re n c e  of the  d is e a s e  in  T e x a s . L a te r ,  in  1921, T aubenhaus and 
M a lle y  (26) gave a  m o re  d e ta ile d  r e p o r t  of th e  d is e a s e  and  s ta te d  th a t  
i t  w as p r e s e n t  in  o th e r  o n io n -g ro w in g  a r e a s .  T aubenhaus and  M alley  
w e re  of th e  op in ion  th a t  th e  d is e a s e  w as c a u se d  b y  a  sp e c ie s  of F u s a r iu m  
w hich  th e y  n am ed  F u s a r iu m  m a ll i .  H o w ev er, in 1926, H a n se n  (15) r e ­
p o r te d  th a t  he w as unab le  to  induce  th e  d is e a s e  u s in g  th a t o rg a n is m .
He s ta te d  th a t a  s p e c ie s  of P h o m a  w hich he la te r  n a m e d  P h o m a  
t e r r e s t r i s  w as the  c a u s a l  o rg a n is m  of the  d is e a s e  (16). I t  w as n o t u n til  
1948 th a t  the c a u sa l o rg a n is m  w as g iven  i t s  p r e s e n t  n a m e . G o ren z  e t  a l. 
(13), a f te r  a  th o ro u g h  in v e s tig a tio n , re m o v e d  the fungus f ro m  th e  genus 
P h o m a , pu tting  i t  in  the  genus P y re n o c h a e ta . T h ey  m ade the  change on 
th e  b a s is  of the  se to se  n a tu re  of the  p y cn id iu m . T h e re fo re ,  a t p r e s e n t  
the  nam e of the  c a u sa l o rg a n is m  is  P y re n o c h a e ta  t e r r e s t r i s  (H ansen) 
G o ren z  e t  a l.
The fungus is  s o il  b o rn e  and  re m a in s  in  th e  so il fo r  a  long
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p e r io d  of t im e . T im s (29) r e p o r te d  th a t  once a  f ie ld  h a s  b e co m e  in ­
fe s te d , the d is e a s e  i s  l ik e ly  to  b eco m e  m o re  se v e re  th e  m o re  o ften  
sh a llo ts  a re  p la n te d . H o w ev er, he s ta te s  th a t  th e re  a r e  e x c e p tio n s  and 
in  som e c a s e s  even  though  sh a llo ts  a r e  p la n te d  y e a r  a f te r  y e a r  the 
d is e a s e  a p p a re n tly  b e c o m e s  l i t t le  o r  no w o rs e . In  1954 and  1955, 
F re e m a n  and T im s  (9 , 10) gave an  a p p a re n t  e x p la n a tio n  fo r  th e  o b s e r ­
v a tio n s  m ade  b y  T im s . T h ey  found th a t  th e  p re s e n c e  of a  la rg e  n u m b er 
of a n ta g o n is tic  so il m ic ro o rg a n is m s , e s p e c ia l ly  a c t in o m y c e te s , cou ld  
v e ry  p o s s ib ly  be a  f a c to r  in  hold ing  the  p in k  ro o t  fungus in  c h ec k  in  
som e a r e a s .
The o p tim u m  te m p e ra tu re  fo r  d ev e lo p m en t of p ink  ro o t ,  a c ­
c o rd in g  to G o re n z  (12), is  b e tw een  24° an d  28° C . T im s  (29) s ta te s  
th a t  when the  w e a th e r  is  coo l and th e r e  is  p le n ty  of m o is tu re  in  the so il  
s h a llo t  p lan ts  r e m a in  g re e n  and n o rm a l,  ev en  though  th e  ro o ts  m a y  be 
m o d e ra te ly  a ffe c te d  w ith  p in k  ro o t. B u t, w hen the  w e a th e r  i s  w a rm  and 
the s o il  d ry , a  m ild  p in k  ro o t  in fec tio n  m a y  cau se  s e v e re  a b o v e -g ro u n d  
sy m p to m s , su c h  as dying b a c k  of th e  le a v e s  and  s tu n tin g  of the  e n tire  
p la n t. So p ro n o u n ce d  a re  the  e ffe c ts  of p in k  ro o t  u n d e r ho t and  d ry  co n ­
d itio n s  th a t, a c c o rd in g  to  T im s , m an y  of th e  g ro w e rs  th in k  th a t  ho t, 
d ry  w e a th e r  i s  the so le  c a u se  of th e  d is e a s e .
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C o n tro l of P in k  R oot
N o p r a c t ic a l  c o n tro l m e a s u r e s  fo r  th e  d is e a s e  have b e e n  r e ­
p o r te d . T au b en h au s and  M a lley  (26) re c o m m e n d e d  a  th re e  to  fo u r y e a r  
ro ta t io n  p e r io d  fo r  c o n tro l of th e  d is e a s e .  T im s (29) h a s  p o in te d  ou t 
th a t  su c h  a  ro ta t io n  p lan  canno t be c a r r i e d  ou t in  se c tio n s  of L o u is ia n a  
b e c a u se  of the s m a ll  s iz e  of th e  f a r m s .  A lso , the  t r u e  v a lu e  of r o t a ­
tio n  is  q u e s tio n a b le  on th e  b a s is  of find ings b y  K re u tz e r  (19), S p rague  
(24) and T im s (29) th a t th e  p in k  ro o t  fungus a tta c k s  a  l a r g e r  n u m b e r of 
p la n ts . Som e of th e  p la n ts  o th e r  th a n  onion and  sh a llo ts  found  to  be  a t ­
ta c k e d  a re :  c o rn , so y b e an s , to m a to , pig w eed , c an e , b a r le y ,  c a n ta ­
lo u p e , c a r r o t ,  c a u l if lo w e r , c u c u m b e r , eg g p lan t, m il le t ,  m u sh m e lo n , 
o a ts ,  p e a s ,  p e p p e r , sp in a c h , sq u a sh , w heat and  s e v e r a l  n o n c u ltiv a te d  
g r a s s e s .  As can  be s e e n , e x tre m e  c a re  w ould have to  be ta k e n  in  
p lann ing  a  ro ta t io n  p ro c e d u re . H o w ev er, a  find ing  b y  C och rane  ^ 3) 
th a t  p ink  ro o t  i s  m o re  s e v e re  in  a r e a s  w hich  have b e e n  p re v io u s ly  
c ro p p e d  to  c o rn  an d  v e tch  cou ld  be s ig n if ic a n t in  p lann ing  ro ta t io n  p r o ­
c e d u re s .  F r e e m a n  (8), a s  a  r e s u l t  of h is  w o rk  on a n tib io s is  in  r e la t io n  
to  p ink  ro o t ,  m en tio n ed  th e  p o s s ib i l i t ie s  of b io lo g ic a l c o n tro l th ro u g h  
c u ltu ra l  p ro c e d u re s .  H o w ev e r, th is  p o s s ib i l i ty  h a s  no t b e e n  w orked  
out.
In 1952, T hom as and L ane  (27) r e p o r te d  th a t  th e y  had  o b ta in ed  
so m e  c o n tro l of p in k  ro o t  in  C o lo rad o  th ro u g h  the u se  of fu n g ic id e s .
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Som e of the  fu n g ic id es  w hich  th e y  r e p o r te d  as re d u c in g  p in k  ro o t  w e re : 
O rth o c id e  406 , G o o d rite  Z .A . C . ,  P a r z a te  and D ith an e . A ll of th e s e  
fu n g ic id es  w e re  u s e d  a t th e  r a te  of 4 pounds p e r  a c r e .
T im s  (29) p o in te d  out the  im p o rta n c e  of hav ing  d is e a s e - f r e e  
s e ts  e v en  in  a r e a s  th a t  w e re  h e a v ily  in fe s te d  w ith  the p ink  ro o t  fu ngus. 
He s ta te s  th a t  a  f a i r ly  good c ro p  can  be o b ta in ed  in  in fe s te d  a r e a s  b y  
s ta r t in g  w ith  d i s e a s e - f r e e  s e ts  w h e re a s  if  in fe s te d  s e t s  w ere  u se d  the  
c ro p  m a y b e  lo s t .  He (28) r e p o r te d  th a t  a tte m p ts  to  o b ta in  d i s e a s e - f r e e  
s e ts  b y  t r e a t in g  the  s e ts  w ith  fu n g ic id es  had  fo r  the m o s t  p a r t  b e e n  u n ­
s u c c e s s fu l .  C h e m ica ls  a t  the  r a te s  n e e d e d  to  k il l  th e  fungus in  d r ie d  
ro o ts  of the  s e ts  w e re  to x ic  to  the  s e ts .
T h e re  a r e  som e in d ic a tio n s  th a t  a  s h a llo t  v a r ie ty  m a y  be o b ­
ta in e d  w hich  is  r e s i s t a n t  to  p ink  ro o t .  T im s (29) r e p o r te d  th a t  som e 
p ro g e n ie s  f ro m  a  c ro s s  of s h a llo t  (A lliu m  as 'ca lon icum ) and  N ebuka 
on ion  (A lliu m  f is tu lo su m ) w ere  h ig h ly  r e s i s t a n t  to  p in k  ro o t. H o w ev er, 
th e s e  r e s i s t a n t  ty p e s  w e re  no t su ita b le  fo r  c o m m e rc ia l  p ro d u c tio n . The 
w o rk  is  be ing  co n tinued  a t  the  L o u is ia n a  A g r ic u l tu ra l  E x p e r im e n t 
S ta tio n  w ith  the  hope th a t  a  su itab le  r e s i s t a n t  v a r ie ty  can  be o b ta in ed , 
b u t a s  y e t none h as b e en  r e le a s e d .
C o n tro l of S o il-b o rn e  P a th o g en s 
A s a  g ro u p , d is e a s e s  c a u se d  by  so il-b o rn e  o rg a n is m s  a re  
d if f ic u lt to  c o n tro l th ro u g h  the  u se  of fu n g ic id e s . Two re a s o n s  fo r  th is
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d iff ic u lty  have r e c e n t ly  b e e n  p o in te d  out b y  Z e n tm e y e r  (31). He h a s  
show n th a t  som e of the  b e t te r  know n fu n g ic id es  a p p a re n tly  lo s e  th e i r  
a c t iv i ty  when in c o rp o ra te d  in to  s o i l .  A lso , the  p e n e tra t io n  of so m e  of 
the  fu n g ic id es  w hen a p p lied  a s  d re n c h e s  is  s l ig h t in  s o il .  T h is  r e s u l t s  
in  the  n e e d  of u s in g  h ig h  r a t e s  of a p p lic a tio n s  w hich  a re  n o t c o m m e r ­
c ia lly  fe a s ib le .  D esp ite  th e s e  d ra w b a c k s , som e s u c c e s s  in  c o n tro llin g  
s o il-b o rn e  o rg a n is m s  h as  b e e n  a tta in e d  in  r e c e n t  y e a r s .
G ould/( 14) r e p o r te d  c o n tro l of S c le ro tiu m  r o l f s i i  in  bu lbous 
i r i s  th ro u g h  th e  use of PCNB (P e n ta c h lo ro n itro b e n z e n e ) . He u se d  200 
to  300 pounds of a c tiv e  m a te r ia l  p e r  a c r e .  C o o p er (5) a lso  r e p o r te d  
the  c o n tro l  of S. r o l f s i i . H is  w o rk  c o n c e rn e d  S. r o l f s i i  on p e a n u ts . 
C ooper u se d  PCNB a t the  r a t e s  of s ix  to  tw elve  pounds p e r  a c re  a p p lie d  
a s  a  d re n c h  in  800 g a llo n s  of w a te r . C ap tan  an d  T h ira m  a ls o  gave 
p ro m is in g  r e s u l t s .
M oore  and C o nover (20) o b ta in ed  s ig n if ic a n t c o n tro l of 
R h izo c to n ia  on b e a n s  in  F lo r id a  w ith  PC N B . T h ey  u s e d  the  m a te r i a l  
in  th e  fo rm  of a  w e ttab le  pow der a t  the r a t e s  o f five and  te n  pounds p e r  
a c r e .
In  1954, C ooper (4) r e p o r te d  a  d e c re a s e  in  co tton  s ta n d  fa i lu re  
b y  u s in g  C ap tan  and T h ira m  a t the  r a te  of o n e -h a lf  to  one pound p e r  
a c r e .  M anzate  a lso  show ed  som e p ro m is e  in  h is  t e s t s .
J u s t  a  few  of the  r e s u l t s  o f fung ic ide  t e s t s  have b e e n  d is c u s s e d
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to  show  th a t  som e s u c c e s s  h a s  b e en  a tta in e d . The w o rk  of F e rg u s o n  
and  M a rk le y  (7) shou ld  be m en tio n ed  b e c a u se  th e y  hav e  p o in ted  ou t th a t  
one d an g er of u sin g  so il  t r e a tm e n ts  m ig h t be th e  re d u c tio n  of n a tu r a l ly  
o c c u rr in g  com peting  m ic ro f lo ra .
M A TERIA LS AND M ETHODS
A n u m b e r  of fu n g ic id es  (se e  ap p en d ix  fo r  th o se  u s e d  along  
w ith a c tiv e  in g re d ie n ts  and  m a n u fa c tu re r )  w ere  a s s a y e d  in  the  l a b o r a ­
to ry  a g a in s t P .  t e r r e s t r i s  b y  the  s t r in g  m e th o d  d e s c r ib e d  b y  F r o s b e rg  
(11). S ec tio n s  of N o. 8 th r e a d ,  1 cm . in  le n g th , w e re  p la c e d  in  a  P e t r i  
p la te  c u ltu re  of th e  p in k  ro o t  fu n g u s, and  th e  fungus m y c e liu m  a llow ed  
to  g ro w  in to  the  th r e a d .  A fte r  p e n e tra t io n  of the  th r e a d  b y  th e  fu n g u s, 
the  s e c tio n s  w ere  d ipped  in  the  fu ll s t r e n g th  fung ic ide  and  r e p la te d  on 
C z a p e k 's  m e d iu m . If th e  fung ic ide  fa i le d  to  k il l  the  fu n g u s, the m y c e liu m  
w ould g ro w  ou t of the  th re a d  in  th re e  to  five  d a y s . F u n g ic id e s  w hich  
k ille d  the  fungus a t  fu ll s t r e n g th  w ere  ag a in  te s te d  a g a in s t  the  fungus a t  
a  c o n c e n tra tio n  of 100 ppm . In th is  and  su b se q u e n t t e s t s  the  s tr in g  w as 
a llow ed  to  r e m a in  in  th e  fung ic ide  fo r  one h o u r . F u n g ic id e s  w hich  k ille d  
the  fungus a t  100 ppm  w e re  fu r th e r  d ilu te d  and te s te d  a t  50 ppm . T hose  
w hich  w e re  le th a l  a t  50 ppm  w e re  f u r th e r  d ilu te d  and  te s te d  a t 25 ppm .
A ll t e s t s  w ere  s e t  up in  t r ip l i c a te .
In  g ree n h o u se  t e s t s  of the  fu n g ic id es  fo u r - in c h  p o ts  w ere  u se d  
in a ll  c a s e s .  The fu n g ic id es  w ere  a p p lied  a s  d re n c h e s . The c o n c e n tra ­
tio n s  of the  fu n g ic id es w ere  c a lc u la te d  on the  b a s i s  of ppm  in  re la t io n  to  
the  w eigh t of the  so il  in  the  p o ts . The s o il  u se d  w as e i th e r  n a tu ra lly
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in fe s te d  f ie ld  so il  o r  a r t i f ic ia l ly  in fe s te d  s te a m e d  so il. A sp e c if ic  
n u m b e r of onion  se e d s  (v a r ie ty  E a r ly  G ran o ) w as p la n te d  in  e a c h  po t 
im m e d ia te ly  a f te r  a p p lic a tio n  of th e  fu n g ic id e . D ise a se  s e v e r i ty  
re a d in g s  w ere  m ad e  five  w eeks a f te r  p lan tin g . A ll t e s t s  w e re  r e p l i ­
c a te d  fo u r t im e s .
In f ie ld  t e s t s  the  p ro p e r  am o u n t of the  fung ic ide  w as p la c e d  
in  one g a llo n  of w a te r  and a p p lied  a s  a  d re n c h  w ith  an  o rd in a ry  
sp rin k lin g  can . The fu n g ic id es  w ere  a p p lied  in  a  fu r ro w  fo u r  to  s ix  
in ch e s  deep  w hich  had  b e en  opened  in  th e  m id d le  of the ro w  (se e  F ig u re  1). 
A fte r  the  fu n g ic id e  w as a p p lied , th e  fu r ro w  w as c lo se d  and  s h a llo t  s e ts  
p lan ted . The sh a llo ts  w e re  p la n te d  so  th e y  w ould be d i r e c t ly  o v e r  the 
a r e a  w here  th e  fu n g ic id e  w as p la c e d . T h e re  w as no d e la y  b e tw een  
a p p lic a tio n  of th e  fu n g ic id es  and  p lan tin g  of th e  s h a l lo ts . E a c h  t r e a t ­
m e n t w as r e p l ic a te d  fo u r t im e s  in  a  ra n d o m iz e d  b lo ck . The p lo ts  w ere  
th i r ty  fe e t  long  and  fo r ty  sh a llo ts  w e re  p la n te d  in  e a c h  one.
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F ig u re  1. M ethod  of app ly ing  fu n g ic id es  u s e d  in  th e  v a r io u s  
f ie ld  t e s t s .
E X PE R IM E N T A L  RESU LTS
T e s ts  of C h e m ica ls  fo r  C o n tro l of P in k  R oot
A s m en tio n ed  in  the  l i t e r a tu r e  re v ie w , T hom as an d  L ane 
(27), in  1952, r e p o r te d  re d u c tio n  in  the  am oun t of p in k  ro o t  th ro u g h  
the  u se  of c e r ta in  fu n g ic id es  b y  in c o rp o ra tin g  th e m  in to  so il . T h e r e ­
fo re ,  e a r ly  in  1953, t e s ts  w ere  in i t ia te d  in  an  in fe s te d  f ie ld  a t  C hack  
B ay , L o u is ia n a , u s in g  the  sam e c h e m ic a ls  a t the  sam e r a te  as u s e d  
b y  the tw o C o lo rado  w o rk e rs . The fu n g ic id es  u se d  w ere  A ra s a n  a t  
th e  r a te  o f 3 lb s .  /A , C e re s a n  M a t  the  r a te  of 2 .lb s .  /A , D ithane  Z -7 8 , 
G o o d rite  ZA C , O rth o c id e  406 and  Phygon XL a t  th e  r a te  of 4 lb s .  /  A.
Two t e s t s  w ere  pu t in  a t  C hack  B a y  in  1953. In one of th e s e  
t e s t s  g r e e n  tr a n s p la n ts  w e re  u se d  w hile in  th e  o th e r  d ry  s e ts  w ere  
u se d . B o th  types of " s e e d  m a te r ia l"  a re  co m m o n ly  u se d  b y  the sh a llo t 
g ro w e rs  in  South L o u is ia n a  fo r  sp r in g  p la n tin g . T he t e s t s  w ere  p u t in  
Ja n u a ry  10, 1953, and  te rm in a te d  M a rch  27, 1953. At the  en d  of the  
t e s t s  the  sh a llo ts  f ro m  e a c h  p lo t w e re  g iven  a  d is e a s e  r a t in g  ran g in g  
f ro m  1 to  5 . The r a t e s  w e re  a p p lied  to  the  g ro u p s on a  c o m p a ra tiv e  
b a s is  in  re la t io n  to  the m o s t  s e v e re ly  d is e a s e d  g ro u p  w hich  w as r a te d  
a s  5.
The r e s u l ts  of th e  two t e s t s  a re  show n in  T ab le s  I and  II.
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T ab le  I. C o m p a ra tiv e  d is e a s e  ra t in g  (1 -5 ) fo r  sh a llo ts  g row n  f ro m  
g re e n  t r a n s p la n ts  in  e a c h  p lo t of e a c h  t r e a tm e n t .  1953 
C hack  B ay  te s t .
F u n g ic id e 1
R e p lic a tio n  
2 3 4 A v e ra g e
A ra s a n 4 4 3 4 3 .7
C e re s a n 4 4 4 3 3. 7
D ithane  Z -7 8 3 4 3 4 3 .5
G o o d rite  ZAC 3 4 3 3 3. 3
O rth o c id e  406 4 4 4 4 4. 0
Phygon  XL 4 3 3 3 3 .3
C heck 4 4 5 4 4 . 3
T ab le  II . C o m p a ra tiv e  d is e a s e  ra t in g  (1 -5 )  fo r  sh a llo ts  g row n  f ro m  d ry  
s e ts  in  e a c h  p lo t of e a c h  t r e a tm e n t .  1953 C hack  B ay  t e s t .
R e p lic a tio n
F u n g ic id e 1 2 3 4 A v erag e
A ra s a n 5 5 4 5 4 .8
C e re s a n 3 4 4 3 3 .5 * *
D ithane  Z -78 5 5 5 4 4 .8
G o o d rite  ZAC 4 3 3 5 3. 8*
O rth o c id e  406 4 4 4 4 4 .0
P hygon  XL 4 4 4 3 3 .8 *
C heck 5 5 5 5 5 .0
* S ig n ific an t ov e r c h ec k  a t  the  . 05 le v e l. 
** S ign ifican t o v e r c h ec k  a t  the  . 01 le v e l .
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E v en  though  in  one of the  t e s t s  one c h e m ic a l, C e re s a n  M, 
gave h ig h ly  s ig n if ic a n t d is e a s e  re d u c tio n  and tw o gave s ig n if ic a n t 
re d u c tio n , the  r e s u l t s  as  a  w hole w ere  u n s a t is f a c to ry .  The d is e a s e  
in c id en c e  w as s t i l l  too  h igh  to  be c o n s id e re d  a s  g iv ing  s a t is f a c to ry  
c o n tro l of th e  d is e a s e .  T h e re fo re ,  i t  w as d ec id ed  th a t  a  m o re  b a s ic  
a p p ro a c h  to  d e te rm in e  the  a b il i ty  of c e r ta in  c h e m ic a ls  to  k i l l  the  p ink  
ro o t  fungus w as n e e d e d  b e fo re  f u r th e r  f ie ld  t e s t s  cou ld  be c a r r i e d  out. 
As a  r e s u l t  a  m a s s  la b o ra to ry  s c re e n in g  of c h e m ic a ls  w as begun  w ith  
th e  id e a  th a t  the fin d in g s in  the la b o ra to r y  m ig h t be c o r r e la te d  w ith  
g ree n h o u se  and  f ie ld  t e s t s .
The c h e m ic a ls  w e re  s c re e n e d  fo r  th e i r  a b il i ty  to  k ill  the  
p ink  ro o t  fungus b y  u s in g  the  s tr in g  m e th o d  d e s c r ib e d  by  F r o s b e r g  (11). 
T he c h e m ic a ls  to  be te s te d  w ere  ta k e n  f ro m  the  s to c k  of fu n g ic id es  
m a in ta in e d  a t L .S . U. A lso , som e of th e  n e w er c h e m ic a ls  w ere  o b ­
ta in e d  d ire c t ly  f ro m  the  m a n u fa c tu re r s .  The r e s u l t s  o b ta in ed  f ro m  
th e  la b o ra to ry  s c re e n in g  a re  p re s e n te d  in  T ab le  III.
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T ab le  H I. A b ility  of c e r ta in  fu n g ic id es  a t  v a r io u s  c o n c e n tra tio n s  to  
k i l l  th e  p in k  ro o t  fu n g u s.
F u n g ic id e
F u ll
S tre n g th  100 ppm  50 ppm  25 ppm
A grox  
A ra sa n  
B a c ife rm  
B a lc ite  
B a rb a k  
B ioqu in  100 '  
C e re s a n  M 
C h e m ic a l 275 
C h e m ic a l 1562 
C h e m ic a l 1563 
C -O -C -S
C opper C yan im ide
C o p -O -Z in k
C ra g  In d u s tr ia l  974
C ra g  P o ta to
C ra g  P o ta to  658












T ab le  III. C o n t'd .
F u n g ic id e
F u ll
S tre n g th 100 ppm 50 ppm 25 p p m
E xp . F u n g ic id e  5379 - /
F e rm a te /
Iro n  O xysu lfa te /
K a ra th a n e /
M anzate - - /
M e rg a m m a - - /
M erko
M e rs o li te  8 - - /
M e th asan
N -244 - /
N -521 -
O rth o c id e  75 -
P an o g en - V
P a r  z a te /
PCNB /
P hygon /
P re v e n to l - /
P u r a t iz e d  177 - V
S e m es an - - - /
S e tre te - - T /
S ep ti G a rd - /
S p e rg o n - /
S u lfu r
V ancide - /
Z e re la te /
/  g ro w th  of th e  fungus a f te r  t r e a tm e n t .
no g ro w th  of the  fungus.
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A s c an  be se e n  f ro m  T ab le  III, se v e n  fu n g ic id es  k ille d  the  
p ink  ro o t  fungus a t  c o n c e n tra tio n s  of 100 ppm  and  l e s s .  W ith the  e x ­
cep tio n  of one , M an za te , a l l  the  fu n g ic id es  w hich  k ille d  the fungus w ere  
m e r c u r y  com pounds. T h re e  m e r c u r y  pom pounds, M erk o , B a rb a k  and 
P an o g en , fa i le d  to  k ill  th e  fungus a t  c o n c e n tra tio n s  of 100 ppm  and  l e s s .
A f te r  co m p le tio n  of the  la b o ra to r y  te s tin g  of fu n g ic id e s , th o se  
w hich  h ad  k i l le d  the  fungus a t  100 ppm  and  tw o o th e r s ,  B a lc ite  and  
PC N B , w hich  d id  n o t k i l l  the fu n g u s, w e re  te s te d  in  the  g re e n h o u se .
The r a te  o f a p p lic a tio n  of a l l  the fu n g ic id es  w as 100 ppm .
In a l l ,  th re e  t e s t s  w ere  c a r r i e d  out in  the g re e n h o u se . E v en  
though  th e r e  w as a  re d u c tio n  in  the  am oun t o f p ink  ro o t  in  som e of the  
t r e a te d  p o ts , the  r e s u l t s  w e re  in c o n s is te n t ,  and  v e ry  l i t t le  c o r r e la t io n  
cou ld  be s e e n  b e tw een  th e m  and the  la b o r a to ry  a s s a y s .  H o w ev e r, som e 
of th e  c h e m ic a ls  show ed to x ic i ty  w hen te s te d  in  the g re e n h o u se . 
M e rg a m m a  and  M e rso lite  8 show ed e x tre m e  to x ic ity . In  l a t e r  f ie ld  
a p p lic a tio n s , th e se  c h e m ic a ls  a g a in  show ed to x ic ity , in d ic a tin g  th a t  
the  g re e n h o u se  t e s t s  w e re  r e l ia b le  in  th a t  r e s p e c t .
In  the  e a r ly  fa l l  o f 1954, s ix  fu n g ic id es  w hich  h ad  k ille d  the  
fungus in  th e  la b o ra to r y  a t  100 ppm  w e re  in c o rp o ra te d  in to  a  f ie ld  t e s t  
a t  C hack  B a y , L o u is ia n a . In  a d d itio n  PC N B , w hich had  b e e n  in e ffe c tiv e  
in  la b o ra to ry  t e s t s ,  w as u se d . A ll the  fu n g ic id es  e x c e p t PCNB w ere  
a p p lie d  a t th e  r a te  of 100 ppm  in  r e la t io n  to  the  so il  w e igh t. T h is  
r a te  w as c a lc u la te d  on th e  b a s is  o f t r e a tin g  a  ban d  one foo t wide to  a
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d ep th  of tw o in c h e s . T h is  r a te  w ould be ro u g h ly  11 pounds p e r  a c re  
w hen a p p lied  to  the  s ix -fo o t ro w s  com m on ly  u se d  in  the  sh a llo t  a r e a  
of L o u is ia n a . T he r a te  w ould be ro u g h ly  se v e n te e n  pounds p e r  a c re  
w hen a p p lie d  to  fo u r - fo o t ro w s . The PCNB w as a p p lie d  a t  the  r a te  of 
a p p ro x im a te ly  s ix ty  pounds p e r  a c r e ,  w h ic h  w as su g g e s te d  b y  th e  
m a n u fa c tu re r  of th e  com pound.
In th is  t e s t ,  d ry  s e ts  w e re  u se d  a s  the  " s e e d  m a te r ia l .  " The 
u se  of d ry  s e ts  fo r  the f i r s t  f a l l  p lan tin g  is  com m on in  sh a llo t p ro d u c ­
t io n  in  L o u is ia n a . As a  ru le ,  g re e n  t r a n s p la n ts  a re  co m m o n ly  u s e d  
fo r  p lan tin g  the  e a r ly  sp r in g  c ro p .
The t e s t  w as c a r r i e d  ou t in  a  f ie ld  w hich  had  b e e n  c o n tin u o u sly  
u s e d  fo r  the  p ro d u c tio n  of two c ro p s  o f sh a llo ts  p e r  y e a r  fo r  a  n u m b er 
of y e a r s .  The f ie ld  had  b e e n  o b s e rv e d  in  p re v io u s  y e a r s  and w as known 
to  be u n ifo rm ly  and h e a v ily  in fe s te d  w ith  the  p ink  ro o t  fungus. In  
g e n e ra l ,  i t  w as ty p ic a l of lan d  u se d  fo r  s h a llo t p ro d u c tio n  in  the so u th e rn  
p a r t  of th e  s ta te .  The so il  type of the  f ie ld  w as M hoon s i l ty  c la y .
The t e s t  w as begun  S e p te m b e r  23, 1954, and  te rm in a te d  
D e c e m b e r  10, 1954. W hen the t e s t  w as te rm in a te d , the  sh a llo ts  in  
e a c h  p lo t w e re  g iven  c o m p a ra tiv e  d is e a s e  r a t in g s  ran g in g  f ro m  1 to  10 
w ith  th o se  of a  10 ra t in g  b e ing  the  m o s t  s e v e re ly  a ffe c te d  (se e  T ab le  IV). 
The g re e n  w eigh t of the  sh a llo ts  in  e a c h  p lo t w as a lso  r e c o rd e d  (se e  
T ab le  V).
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T ab le  IV . C o m p a ra tiv e  d is e a s e  r a t in g s  (1 -10 ) fo r  th e  sh a llo ts  in  e a c h  
p lo t of e a c h  t r e a tm e n t .  1954 C h ack  B a y  t e s t .
F u n g ic id e 1
R e p lic a tio n s  
2 3 4 A v erag e
A g ro x 2 3 3 3 2 .8 * *
C e re s a n  M 4 4 4 5 4 .3 * *
M anzate 5 6 6 5 5 .5 * *
M e rg am m a^ 9 10 10 10 9 .8
P C N B 1 6 8 8 9 8 .0
S e m e sa n 1 1 1 2 1. 5**
S e tre te 3 2 3 2 2. 5**
C heck 7 7 7 8 7. 3
** S ig n ific an t o v e r ch eck  a t the  . 01 le v e l.  
1 D efin ite  to x ic i ty  in d ic a te d .
T ab le  V. A v erag e  g re e n  w eigh t in  g ra m s  p e r  b u n ch  of sh a llo ts  in  e a c h  
p lo t of e a c h  t r e a tm e n t .  1954 C hack  B a y  t e s t .
F u n g ic id e 1
R e p lic a tio n s  
2 3 4 A v erag e
A g ro x 7 2 .6 77. 1 5 4 .4 90. 7 7 3 .7 0 * *
C e re s a n  M 72. 6 4 9 .9 5 4 .4 5 4 .4 57. 88
M anzate 5 9 .0 3 6 .3 5 9 .0 5 4 .4 5 2 .1 8
M e rg a m m a 1 3 1 .8 2 7 .2 3 1 .8 2 2 .7 2 8 .3 8
P C N B 1 3 6 .3 18 .1 2 2 .7 9 .0 2 1 .5 3
S e m e sa n 127 .0 8 1 .6 8 1 .6 8 1 .6 9 2 .9 5 * *
S e tre te 104 .3 8 6 .2 59. 0 68. 0 7 9 .3 8 * *
C heck 4 0 .8 5 8 .9 4 0 .8 45. 3 4 6 .4 5
** S ig n ific an t o v e r c h e c k .a t  .0 1  le v e l .  
* D efin ite  to x ic i ty  in d ic a te d .
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D uring  the  p e r io d  of the  t e s t ,  the co n d itio n s  w e re  id e a l  fo r  
th e  d e v e lo p m en t of p ink  ro o t .  The w e a th e r  w as w a rm  w ith  v e ry  l i t t le  
r a in f a l l  and  a s  a  .re s u lt, the  d is e a s e  w as p re v a le n t  in  n o n - t r e a te d  
a r e a s  and  i t s  a ffe c ts  w e re  s e v e r e .  A s can  be  se e n  in  T a b le s  IV  and  
V, the  a v e ra g e  d is e a s e  r a t in g  of the  sh a llo ts  in  th e  v a r io u s  p lo ts  w as 
c o r r e la te d  w ith  th e i r  g re e n  w eigh t, i . e .  the lo w e r the  d is e a s e  ra t in g  
th e  h ig h e r  th e  g re e n  w eigh t and  th e  h ig h e r  th e  d is e a s e  r a t in g  the  lo w e r 
th e  g re e n  w eigh t. The c o r r e la t io n  of d is e a s e  ra t in g  to  g re e n  w eigh t w as 
t r u e  in  a l l  c a s e s  e x c e p t in  p lo ts  t r e a te d  w ith  PCNB and M e rg a m m a . 
H o w ev er, b o th  of th e s e  c h e m ic a ls  show ed e x tre m e  to x ic i ty  (se e  
F ig u re s  5 and  6) and  th u s  no c o r r e la t io n  w ould  be e x p ec te d . T h is  c o r ­
r e la t io n  of d is e a s e  r a t in g  to  g re e n  w eigh t i s  e x a c tly  w hat w ould be e x ­
p e c te d  u n d e r  the  id e a l co n d itio n s fo r  p ink  r o o t  d e v e lo p m en t w hich  o c ­
c u r r e d  d u rin g  th is  t e s t .
The sh a llo ts  f ro m  th e  S e m e sa n  t r e a te d  p lo ts  ( s e e  F ig u re  2) 
w e re  a lm o s t  c o m p le te ly  f r e e  of p in k  ro o t . M any of the  b u n ch es w e re  
e n t i r e ly  f r e e  of the  d is e a s e  and  th o se  show ing i t  h ad  on ly  a  few  ro o ts  
a ffe c te d . The r e s u l t s  o b ta in ed  u sin g  S e m e sa n  w ere  e x tre m e ly  s a t i s ­
fa c to ry  in  th a t  the  g re e n  w eigh t of p la n ts  g row n  in  the  p lo ts  w as double 
th a t  of the  ch eck  p lo ts . A lso , the sh a llo ts  w e re  m u ch  b e t te r  in  o v e ra l l  
a p p e a ra n c e  th a n  w ere  th o se  of the u n tre a te d  p lo ts . T h ese  tw o f a c to r s ,  
w eigh t and a p p e a ra n c e , d e te rm in e  how  m u ch  the s h a llo ts  in  a  g iven
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fie ld  w ill b r in g  in  d o l la r s  and c e n ts .
S e tre te  and  A g ro x  (se e  F ig u re s  3 and  4) a ls o  gave good r e ­
s u l t s .  The sh a llo ts  in  the  p lo ts  t r e a te d  w ith  th e s e  c h e m ic a ls  a lso  
w eighed  m u c h  m o re  and  w ere  m u ch  b e t te r  in  a p p e a ra n c e  th a n  th o se  
g row n  in  th e  check  p lo ts .
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F ig u re  2. S h a llo ts  g row n  in  S e m e sa n  t r e a te d  p lo t on
r ig h t ,  c h ec k  on le f t .  1954 C hack  B ay  t e s t .
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F ig u re  3. S h a llo ts  grovrn in  S e tre te  t r e a te d  p lo t on
r ig h t ,  c h ec k  on le f t .  1954 C hack  B ay  t e s t .
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F ig u re  4 . S h a llo ts  g row n  in  A g ro x  t r e a te d  p lo t on
r ig h t ,  ch eck  on le f t .  1954 C hack  B ay  t e s t .
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F ig u re  5. S h a llo ts  g row n  in  M e rg a m m a  t r e a te d  p lo t on
r ig h t ,  c h ec k  on le f t .  1954 C h ack  B a y  te s t .
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F ig u re  6. S h a llo ts  g row n  in  PCNB t r e a te d  p lo t on r ig h t ,
ch eck  on le f t .  1954 C h ack  B a y  t e s t .
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The fo llow ing fa l l ,  1955, a n o th e r  t e s t  w as p u t in  a t  C hack  
B a y , L o u is ia n a . In  th is  t e s t  M e rg a m m a  and  PCNB w e re  re p la c e d  b y  
M e rso li te  8  and  B a lc ite .  A ll the  fu n g ic id es  w e re  a p p lie d  a t  th e  sam e 
r a te  a s  th e  p re v io u s  y e a r  w ith  the e x c e p tio n  of B a lc ite .  B a lc ite ,  a  
fu n g ic id e  w hich  th e  m a n u fa c tu re r  h ad  c la im e d  c o n tro lle d  p in k  ro o t  in  
C o lo rad o , w as u s e d  a t  the  r a te  of se v en ty -tw o  pounds p e r  a c re  w hen 
a p p lie d  to  the  ro w s . T h is r a te  w as re c o m m e n d e d  b y  th e  m a n u fa c tu re r  
of the  c h e m ic a l.
T h is  t e s t  w as c a r r i e d  ou t on a d if fe re n t  f a rm  f ro m  the  p r e ­
v ious C hack  B ay  t e s t s .  T h is la n d  had  a ls o  b e e n  c ro p p e d  to  sh a llo ts  
fo r  a  n u m b er of y e a r s  up u n til  1951, a t w hich  tim e  i t  w as abandoned  
fo r  sh a llo t  p ro d u c tio n  b e c a u se  of p in k  ro o t .  The fungus w as u n ifo rm ly  
d is t r ib u te d  w ith in  the  f ie ld  a t  the  tim e  i t  w as ta k e n  ou t of s h a llo t p ro d u c ­
tio n . A gain , a s  w ith  the  1954 t e s t ,  d ry  s e ts  w e re  u s e d  as the  " se e d  
m a te r ia l .  "
The t e s t  w as begun  S e p tem b er 19, 1955, and  te rm in a te d  
D e ce m b er 13, 1955. As w ith  the  1954 t e s t ,  sh a llo ts  in  e a c h  of the  p lo ts  
w e re  g iven  a  1 to  10 d is e a s e  r a t in g  (se e  T able  VI) and  w eighed  (se e  
T ab le  VII). T h is  y e a r  the  co n d itio n s w e re  no t so fa v o ra b le  fo r  d e ­
v e lo p m en t of p ink  ro o t  as the  p re c e d in g  y e a r .  H ow ever, the  d is e a s e  
d id  deve lop  and a good t e s t  r e s u l te d .  T h e re  w as n o t so  c lo se  a c o r r e l a ­
tio n  b e tw een  d is e a s e  ra t in g  and  g re e n  w eig h t a s  in  th e  p re c e d in g  t e s t .  
T h is  is  p ro b a b ly  due to  the  fa c t  th a t  co n d itio n s w ere  u n fav o rab le  fo r
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d e v e lo p m e n t of sy m p to m s o th e r  th a n  th o se  of the  r o o ts .  H o w ev er, the  
c o r r e la t io n  w as n o t n i l ,  s in ce  b o th  S e m e sa n  and  S e tre te  gave lo w  
d is e a s e  r a t in g s  and  w ere  b o th  h igh  in  w eig h t a s  c o m p a re d  to  th e  c o n ­
t r o l s .  M e rso lite  8  w hich  a ls o  gave a  lo w  d is e a s e  ra t in g  d id  n o t give 
a  c o m p a ra b le  in c r e a s e  in  w eigh t. M e rs o li te  8  e x h ib ite d  som e to x ic  
e f fe c ts .
A gain  in  th is  t e s t  th e  sh a llo ts  in  th e  S e m e sa n  t r e a te d  p lo ts  
w e re  no t b a d ly  a ffe c te d  b y  p in k  ro o t  and  show ed a  h ig h ly  s ig n if ic a n t 
in c r e a s e  in  g re e n  w e ig h t. S e tre te  a ls o  gave good c o n tro l and  a  s ig n i­
f ic a n t  in c r e a s e  in  w e igh t.
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T ab le  VI. C o m p ara tiv e  d is e a s e  ra t in g s  (1 -10 ) fo r  the  sh a llo ts  in  e a c h  
p lo t of e a c h  t r e a tm e n t .  1955 C hack  B ay  te s t .
F u n g ic id e 1
R e p lic a tio n s  
2 3 4 A v erag e
A g ro x L» 3 4 3 3. 0**
B a lc ite 5 6 5 6 5 .5 *
C e re s a n  M 4 4 4 3 3. 8 **
M anza te 4 3 3 1 2 . 8 **
M e rso li te  8 1 1 3 3 2 . 0 **
Sem e sa n 3 2 1 2 2 . 0 **
S e tre te 3 1 2 4 2 .5 * *
C heck 7 6 1 0 8 7 .8
* S ig n if ic an t o v e r ch eck  a t the  . 05 le v e l .  
** S ig n ific an t o v e r ch eck  a t  the  .0 1  le v e l.
T ab le  VII. A v e rag e  g re e n  w eigh t, in  g ra m s  p e r  bunch , of sh a llo ts  in  
e a c h  p lo t of e a c h  t r e a tm e n t .  1955 C hack  B a y  t e s t .
F u n g ic id e 1
R e p lic a tio n s  
2 3 4 A v erag e
A g ro x 172 .8 160. 5 1 37 .5 142. 0 153 .20
B a lc ite 1 5 5 .4 182. 5 151 .5 127. 8 154 .30
C e re s a n  M 136. 3 131. 5 123. 6 109.9 125 .33
M anzate 107 .3 125. 0 143. 5 144.9 130. 18
M e rso lite  8 134. 0 167 .5 139. 0 144. 2 146. 18
S e m e sa n 1 5 2 .7 171 .8 193. 1 171 .8 172 .35**
S e tre te 1 2 0 .4 187 .5 1 4 7 .7 149 .8 163 .85*
C heck 1 1 7 .6 181. 8 123. 6 1 1 0  '. 8 133 .45
* S ig n if ic an t o v e r ch eck  a t the  .0 5  le v e l.
** S ig n ific an t o v e r ch eck  a t  the . 01 le v e l.
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A lso , in  the  f a l l  of 1955, a  s im i la r  t e s t  w as p u t in  a t  L . S. U. 
The sam e c h e m ic a ls  and  sam e r a t e s  of a p p lic a tio n  w ere  u s e d  as in  the 
t e s t  a t  C h ack  B ay .
R e su lts  of the  t e s t  w e re  in co n c lu s iv e  w ith  r e g a r d  to  p ink  ro o t . 
V e ry  l i t t le  p in k  ro o t  d ev e lo p ed  in  the e n ti r e  t e s t .  The a r e a  on w hich  
the  t e s t  w as c a r r i e d  out w as a  new ly  e s ta b l is h e d  p ink  ro o t  p lo t and 
e v id e n tly  i t  h ad  no t b eco m e  h e a v ily  in fe s te d  w ith  the  p ink  ro o t  fu n g u s.
I t shou ld  be n o ted  th a t  in  th is  t e s t ,  sh a llo ts  in  som e of the  
t r e a te d  p lo ts  w ere  slow  in  com ing  up. The w e a th e r  w as e x tre m e ly  d ry  
fo r  a  p e r io d  of a p p ro x im a te ly  one m on th  a f te r  the t e s t  was begun  and 
p e rh a p s  som e of the  c h e m ic a ls  exh ib ited  a  h e re to  unno ted  a ffe c t on the 
s h a llo ts  due to  the  e x tre m e  d ry n e s s .  H o w ev er, the  sh a llo ts  in  a l l  the 
p lo ts  e v e n tu a lly  cam e  up a f te r  the  so il  w as i r r ig a te d .
E v en  though  no p ink  ro o t  c o m p a r is o n s  cou ld  be m ad e  the 
sh a llo ts  w e re  c o m p a re d  in  r e g a r d  to  w eigh t. The r e s u l ts  a r e  show n 
in  T ab le  VHI.
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T able  VIII. A v e rag e  g re e n  w eigh t, in  g ra m s  p e r  b u nch , of s h a llo ts  in  
e a c h  p lo t of e a c h  t r e a tm e n t .  1955 L .S .  U. t e s t .
F u n g ic id e 1
R e p lic a tio n s  
2 3 4 A v erag e
A grox 7 8 .7 1 0 2 . 6 9 6 . 0 78. 7 89. 0 0
B a lc ite 9 6 . 1 9 6 .4 6 8 . 2 106.9 9 1 .9 0
C e re s a n  M 7 1 .8 6 1 .0 48. 7 51. 8 53. 32
M anza te 8 6 . 7 8 7 .5 57. 6 65. 6 74. 35
M e rs o li te  8 6 6 . 0 4 3 .4 5 3 .2 23. 2 4 6 .4 5 *
S e m e sa n 145 .2 130. 2 6 1 . 2 71. 0 101 .70
S e tre te 104.9 133 .5 8 8 . 0 59. 6 9 6 .5 0
C heck 133 .5 71. 8 62. 3 4 4 .8 78. 10
* S ig n ifican t be low  ch eck  a t  the  . 05 le v e l.
As c a n  be s e e n  f ro m  T ab le  VIII on ly  the  sh a llo ts  in  M e rso lite  
8  t r e a te d  p lo ts  w eighed  s ig n if ic a n tly  l e s s  th a n  the ch eck . A s n o ted  
e a r l i e r ,  M e rso lite  8  h ad  show n to x ic  e ffe c ts  in  the  g re e n h o u se  t e s t s .  
The sh a llo ts  in  the  C e re s a n  t r e a te d  p lo ts  w e re  a ls o  low  in  w eigh t, 
even  though  n o t s ig n if ic a n tly  lo w e r . P la n ts  in  the  C e re s a n  and  the  
M e rso lite  8  p lo ts  w e re  s lo w  in  com ing  up . H o w ev er, sh a llo ts  in  the  
M e rso lite  p lo ts  show ed d e fin ite  to x ic ity  o th e r  th an  lo w e r w e igh t, w hile 
th o se  in  the C e re s a n  p lo ts  d id  no t. The to x ic ity  w as m a n ife s te d  in  th e 
fo rm  of s tu b b y  m a lfo rm e d  r o o ts .
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The o v e r - a l l  r e s u l t s  show n in  T a b le s  IV th ro u g h  VIII show  
th a t  S e m e sa n , S e tre te  and  A g ro x  in  th a t  o r d e r ,  s ig n if ic a n tly  c o n tro lle d  
p in k  ro o t . A lso  th e  sh a llo ts  g row n  in  p lo ts  t r e a te d  w ith  th e s e  c h e m ic a ls  
w e re  c o n s is te n tly  h ig h e r  in  g re e n  w eigh t th a n  th o se  g row n  in  o th e r  p lo ts . 
PC N B , M e rg a m m a  and  M e rso li te  8  show ed  to x ic ity  in  a t l e a s t  one out 
of the  th re e  t e s t s .
R o ta tio n  and C o n tro l of P in k  R oot 
A s s ta te d  e a r l i e r ,  T au b en h au s and  M a lley  (\26) su g g e s te d  a  
ro ta t io n  p ro c e d u re  w hich  in c lu d ed  onions e v e ry  fo u r y e a r s .  S ince th a t  
tim e  no d a ta  have b e e n  p re s e n te d  e i th e r  c o n firm in g  o r denying th e i r  w o rk . 
The value of ro ta t io n  i s  q u e s tio n a b le  on the  b a s is  of v a r io u s  fin d in g s 
and , th e r e f o re ,  i t  s e e m e d  d e s ira b le  to  o b ta in  som e in fo rm a tio n  on the  
su b je c t.
T e s ts  c a r r i e d  out a t  L .S .  U. show ed th a t  the  fungus w ould r e ­
m a in  a c tiv e  in  d ry  b a r r e n  so il fo r  a p e r io d  of a t  l e a s t  one and  o n e -h a lf  
to  two y e a r s .  S o il w as c o lle c te d  f ro m  a  h e a v ily  in fe s te d  f ie ld  in  the 
e a r ly  sp r in g  of 1954 (M arch ) and  m a in ta in e d  in  a  b a r r e l  a t  L . S. U. The 
so il w as n e ith e r  w a te re d  n o r  w e re  p la n ts  o f any  d e s c r ip t io n  g row n  in  i t .  
Y et, on ions g row n  in  s a m p le s  of the  so il n e a r ly  tw o 'y e a r s  l a t e r  show ed  
s e v e re  p ink  ro o t . The onions w ere  g ro w n  f ro m  se e d , w hich  e lim in a te d  
th e  p o s s ib i l i ty  of re in fe s t in g  the  so il . T h is  g iv es  som e in d ic a tio n  a s  to  
the  a b il i ty  of the  fungus to  r e m a in  a c tiv e  in  so il  ev en  u n d e r e x tr e m e ly
33
u n fav o ra b le  co n d itio n s .
In  the w in te r  of 1955, a f ie ld  w as found in  w hich  the ow ner had  
p la n te d  sh a llo ts  fo r  the  f i r s t  tim e  s in c e  the  sp r in g  of 1951. He s ta te d  
th a t p ink  ro o t  h a d  becom e so  s e v e re  in  th e  f ie ld  by  the  sp r in g  of 1951 
th a t  he h ad  abandoned  the  f ie ld  fo r  s h a l lo t  p ro d u c tio n . In  the  f a l l  of 
1955 he h ad  d ec id ed  to  ag a in  p la n t sh a llo ts  in  the  a r e a .  W hen th e  sh a llo ts  
w e re  h a rv e s te d  in  D e c e m b e r  of 1955, a  ch eck  w as m ad e  to  d e te rm in e  
w h e th e r o r  no t p ink  ro o t  w as p r e s e n t  and  if  so , to  w hat e x te n t. A  to ta l  
of 1 , 0 6 6  b u n ch es  of sh a llo ts  f ro m  the f ie ld  w e re  ex am in e d .
I t  w as found th a t  1, 053 b u n ch es  out o f the  1, 066 w ere  in fe c te d  
w ith  p ink  ro o t. The p e rc e n t  in fe c tio n  in  the f ie ld  w as th e re fo re  o v e r 
98 p e rc e n t .  A ll the sh a llo ts  show ed  m o d e ra te  to s e v e re  in fec tio n . Had 
th e  cond itions fo r  p in k  ro o t  (ho t and  d ry ) b een  fa v o ra b le  th e re  w ould 
have b e e n  c o n s id e ra b ly  m o re  re d u c tio n  in  y ie ld .
T h e re  i s  a p o s s ib i l i ty  th a t  som e of the  s e ts  p la n te d  in  the  a r e a  
w e re  in fe c te d  w hen p la h te d . H o w ev er, the  s e ts  had  b e en  o b ta in ed  f ro m  
an  a r e a  of the s ta te  in  w hich  p ink  ro o t  i s  no t p re v a le n t . A lso , the 
p o s s ib i l i ty  of hav ing  su c h  a  h igh  p e rc e n ta g e  of in fe c te d  s e ts  (o v e r  9 8  
p e rc e n t)  in  " s e e d  m a te r i a l"  is  u n lik e ly .
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H eat T re a tm e n t  of D ise a s e d  S e ts
A s n o te d  p re v io u s ly , T im s (29) c ite d  the  n e e d  fo r  som e 
m e a n s  of o b ta in in g  d i s e a s e - f r e e  s e t s .  If so il  t r e a tm e n t  m e a s u r e s  a r e  
to  be p r a c t ic a l  i t  is  n e c e s s a r y  to  have d i s e a s e - f r e e  p lan tin g  m a te r ia l .
I t  w ould be a  w aste  of t im e  and m o n ey  to  t r e a t  th e  so il  i f  in fe s te d  s e ts  
a re  to  be  u se d , s ince  th e  d is e a s e  o rg a n is m  w ould be b ro u g h t b a c k  in to  
the  a r e a .
I t  is c o m p a ra tiv e ly  e a s y  to  id en tify  p ink  ro o t  w hen g re e n  t r a n s ­
p la n ts  a r e  u se d , and th o se  in fe c te d  c an  be th ro w n  out. H o w ev er, the  
d is e a s e  is  no t so  e v id en t in  the  d r ie d  s e ts .  T h e re fo re , i t  w ould be a  
g r e a t  ad v an tag e  to  have so m e  t r e a tm e n t  w hich  w ould in s u re  d i s e a s e -  
f r e e  d ry  s e ts .
S ince T im s ' a tte m p ts  to  o b ta in  d i s e a s e - f r e e  s e ts  th ro u g h  the  
u se  of fu n g ic id e s  w ere  u n s u c c e s s fu l,  i t  se e m e d  th a t  o th e r  m e th o d s m ig h t 
give b e t te r  r e s u l t s .  In  th is  s e r i e s  of e x p e r im e n ts  a tte m p ts  w e re  m ad e  
to  o b ta in  d i s e a s e - f r e e  s e ts  by  su b je c tin g  th e m  to  ho t a i r  fo r  v a ry in g  
le n g th s  of tim e  a t  v a r io u s  t e m p e r a tu re s .
T e s ts  w ere  f i r s t  co n d u c ted  to  d e te rm in e  the am o u n t of h e a t r e ­
q u ire d  to  k ill th e  p ink  r o o t  fu n g u s. P la te s  of C zapeks m ed iu m  w ere  
in o c u la te d  w ith  m y c e lia l  su sp e n s io n s  of the  fungus and  im m e d ia te ly  
p la c e d  in  a ho t a i r  oven. A fte r the r e q u ir e d  t im e  the  p la te s  w e re  ta k e n  
ou t, and  th re e  days l a t e r  ch eck ed  to  see  if  the  fungus h ad  g row n  out.
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The th re e  te m p e ra tu re s  te s te d  w ere : 50° C , 54° C , and  56° C . 
The p la te s  w ere  ta k e n  out of the  oven  a s  fo llow s: 50° C e v e ry  30 
m in u te s , 54° C e v e ry  10 m in u te s  and  56° C e v e ry  5 m in u te s . F o u r  
p la te s  w e re  ch eck ed  fo r  e a c h  t im e  a t e a c h  of th e  t e m p e r a tu r e s .  The 
r e s u l t s  a re  show n in  T ab le  IX and  F ig u re  7.
T ab le  IX . The e ffe c ts  of v a r io u s  te m p e r a tu re s  fo r v a ry in g  len g th s  of 
tim e  on the  g row th  of the  p in k  ro o t  fungus.
T im e in  M inutes
T e m p e ra tu re 5 10 15 2 0 25 30 35 40 45 50 55 60
50° C 
54 °  C /
/
56° C /  / / /
/  G ro w th  of the  fungus a f te r  t r e a tm e n t .
No g ro w th  of the  fungus a f te r  t r e a tm e n t .
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.2 5~ ✓vi i t* .
F ig u re  7. P la te s  o f C zap ek s m ed iu m  in o c u la te d  w ith  m y c e lia l  s u s ­
p e n s io n s . F o u r  days a f te r  h e a t t r e a tm e n t .
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A fte r  d e te rm in in g  th e  am oun t of h e a t  r e q u ir e d  to  k ill  th e  fungus 
u n d e r the  cond itions of the  p re v io u s  e x p e r im e n t, h e a t t r e a t in g  of i n ­
fe c te d  s h a llo t  s e ts  w as begun . In th e  f i r s t  t r e a tm e n t  tw en ty  s h a llo t 
s e ts  w e re  t r e a te d  fo r  one h o u r a t 50° C. Of the  tw en ty , s ix te e n  cam e 
up , w ith  f if te e n  ou t of the s ix te e n  hav ing  p in k  ro o t .  S ince the  50° C 
t r e a tm e n ts  d id  n o t r id  the  s e ts  of p ink  ro o t ,  t e s t s  a t the  h ig h e r  t e m p e r a ­
tu r e s  w e re  c a r r i e d  ou t. The r e s u l t s  a re  show n in  T ab le  X.
T able  X. E ffe c ts  of v a r io u s  te m p e ra tu re s  fo r  v a ry in g  p e r io d s  of t im e  
on in fe c te d  sh a llo t  s e t s .  C hecked  a f te r  one m o n th 's  g ro w th .
T e m p e ra tu re T im e
N o.
T re a te d
No.




Inf e c tio n
54° C 30 m in . 1 0 1 0 4 40
45 m in . 1 0 1 0 3 30
56° C 30 m in . 1 0 1 0 1 1 0
45 m in . * 1 0 1 0 0 0
Che ck 1 0 1 0 4 40
In ju ry  in d ic a te d .
o
As can  be se e n  f ro m  T ab le  X, th e  56 C te m p e ra tu re  a p p e a re d  
to  show  som e p ro m is e  a s  a  t r e a tm e n t  fo r  in fe c te d  s e t s .  T h e re fo re ,  a  
m o re  e x te n s iv e  t e s t  a t th is  te m p e ra tu re  w as c a r r i e d  o u t. The r e s u l t s  
o f th is  t e s t  a re  show n in  T ab le  XI.
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T ab le  X I. E ffe c ts  of a  te m p e ra tu re  o f 5 6 °  C fo r  v a ry in g  p e r io d s  of tim e  
oh in fe c te d  sh a llo t s e ts .
T im e
• No. 
T re a te d N o. up % up
No. show ing 
p ink  ro o t
% show ing 
p ink  ro o t
30 m in . 25 23 92 9 39
45 m in . 25 2 1 84 1 1 52
6 0  m in . ^ 25 1 1 44 6 54
C heck 25 19 76 1 1 58
D efin ite  in ju ry  in d ic a te d .
A s can  be se e n  in  T ab le  XI th e re  was l i t t le  re d u c tio n  in  d is e a s e  
ev en  a t th e  h ig h e s t te m p e ra tu re  and  the  lo n g e s t  p e r io d  of e x p o su re .
T h is  fa c t  se e m e d  to  in d ic a te  th a t  th e  h e a t  t r e a tm e n t  e x p e r im e n ts  c a r r i e d  
ou t upon th e  fungus in  c u ltu re  w e re  e i th e r  m is le a d in g  o r  th e  fungus w as 
n o t as su s c e p tib le  to  h e a t w hen e s ta b l is h e d  in  th e  s h a llo t r o o ts .  T h e re  
w as a ls o  the  p o s s ib i l i ty  th a t  " s t r a in s "  w hich  w e re  m o re  to le ra n t  to  h e a t 
w e re  p re s e n t .
To t e s t  som e of th e  p o s s ib i l i t i e s ,  n in e te e n  d if fe re n t  is o la te s  
of the fungus w ere  te s te d  fo r  th e ir  r e a c t io n  to  h e a t. T h is tim e  the  i s o ­
la te s  w ere  in o c u la te d  in to  P e t r i  p la te s  and  a llo w ed  to  g ro w  fo r  fo u r days 
b e fo re  th e y  w ere  p la c e d  in  the  oven.
The r e s u l t s  of th is  l a s t  e x p e r im e n t show ed  th a t  none of the  
n in e te e n  a c tiv e ly  grow ing  is o la te s  w as k ille d  b y  a h e a t t r e a tm e n t  o f 5 4 °
to  56° C fo r  30 m in u te s . H o w ev er, when the  a c tiv e ly  g ro w in g  is o la te s  
w ere  te s te d  a t  54° to  56° C fo r  60 m in u te s , i t  w as found th a t th i r t e e n  of 
th e  i s o la te s  w e re  k i l le d  w hile  s ix  is o la te s  w ere  no t. T h ese  l a t e s t  f in d ­
ings w ould have  to  be  ta k e n  in to  c o n s id e ra tio n  in  fu r th e r  t e s t s .
The r e s u l ts  of th is  s e r i e s  of e x p e r im e n ts  in d ic a te  th a t  d ry  
h e a t a t  a  h ig h  enough te m p e ra tu re  and long enough d u ra tio n  to  r id  th e
d ry  s e t s  of p in k  ro o t  w as in ju r io u s  to  the sh a llo t  s e ts .  T h is i s  show n
o
b y  the  f a c t  th a t  s e ts  t r e a te d  a t  56 C fo r  one h o u r w ere  in ju re d  and s t i l l  
w ere  in fe c te d  w ith  the  fu n g u s. The e x p e r im e n ts  a lso  r e v e a l  th a t  the  
fungus d if fe r s  in  i ts  su s c e p tib i l i ty  to  h e a t u n d e r v a r io u s  co n d itio n s.
DISCUSSION
I t  has lo n g  b e e n  a p p a re n t th a t  som e m e th o d  of c o n tro llin g  p in k  
ro o t  is  b a d ly  n e e d e d . T he m o s t  p r a c t ic a l  m e a n s  of c o n tro llin g  the 
d is e a s e  would be th ro u g h  the u se  of r e s i s t a n t  v a r i e t i e s .  E v e n  th ough  
th e re  is  a  so u rc e  of r e s i s ta n c e  (N ebuka on ion), th is  r e s i s ta n c e  h as no t 
y e t b e e n  in c o rp o ra te d  in to  a  s h a l lo t  su itab le  fo r  c o m m e rc ia l  p ro d u c tio n . 
T h e re fo re , o th e r  c o n tro l m e th o d s  shou ld  be w o rk ed  out.
The p u rp o se  o f th is  s tu d y  w as to  in v e s tig a te  m eth o d s of c o n ­
t r o l  and  fa c to r s  to  be c o n s id e re d  in  c o n tro l of the  d is e a s e .
The r e s u l t s  p r e s e n te d  in  the  s e c tio n  d ea lin g  w ith c o n tro l 
th ro u g h  the  u se  o f c h e m ic a ls  have b ro u g h t s e v e r a l  th in g s  to  l ig h t. 
C h e m ic a ls  w hich  w ere  r e p o r te d  as g iv ing  c o n tro l of the  d is e a s e  in  
C o lo rad o  w ere  found n o t to  be  e ffe c tiv e  in  L o u is ia n a . W hen th e s e  c h e m i­
c a ls  w e re  u se d  th e re  w as som e re d u c tio n  in  the  d is e a s e ,  b u t n o t enough 
to  be c o n s id e re d  s a t is f a c to ry .  S e v e ra l  th in g s  su ch  a s  so il  type  and 
c lim a tic  co n d itio n s co u ld  acco u n t fo r  the  f a i lu re  of th e  c h e m ic a ls  to  
e ffe c tiv e ly  c o n tro l p ink  ro o t  u n d e r  L o u is ia n a  c o n d itio n s . H o w ev er, i t  is  
in te re s t in g  to n o te  th a t  in  the  s tu d ie s  r e p o r te d  h e re  som e of the  c h e m ic a ls  
u se d  by  the C o lo rad o  w o rk e rs  d id  no t k i l l  th e  fungus when a s s a y e d  in  the 
la b o ra to ry  by F r o s b e r g 's  s t r in g  m e th o d  a t fu ll s tre n g th ; T h is  cou ld  be 
a cc o u n te d  fo r b y  one o f two th in g s , e i th e r  the  fung ic ide  e x e r te d  i ts  e ffe c t
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in d ir e c t ly  on the  p in k  ro o t  fungus in  th e  f ie ld  o r the  la b o r a to ry  a s s a y  
d id  n o t give a  t ru e  p ic tu re  o f the e ffe c ts  of the  fung ic ide  on  th e  fu n g u s.
The in d ir e c t  e f fe c ts  m ig h t be s im i la r  to  th o se  r e p o r te d  by  
B l is s  (1) in  w hich  s o i l  fu m ig a tio n  u p s e t  the m ic r o f lo r a  b a la n c e  of the  
s o il .  A s a  r e s u l t ,  a n ta g o n is tic  fo rm s  ra p id ly  b e c a m e  e s ta b l is h e d  in  
th e  fu m ig a te d  so il and  th e se  fo rm s  a p p a re n tly  w ere  re s p o n s ib le  fo r  
l im itin g  the  d is e a s e .
The seco n d  p o s s ib i l i ty  co n ce rn in g  the  la b o ra to ry  a s s a y s  no t 
g iv ing  a  t ru e  p ic tu re  o f the  fu n g ic id a l e f fe c ts ,  have n o t b e e n  b o rn e  ou t 
b y  th is  s tu d y . W ith on ly  one e x ce p tio n , fu n g ic id es  w hich  h ad  k ille d  the  
fungus in  th e  la b o ra to r y  a t  1 0 0  ppm  s ig n if ic a n tly  re d u c e d  the  d is e a s e  
w hen a p p lie d  in  the  f ie ld  a t  th e  sam e c o n c e n tra tio n . Som e of th e se  
m a te r ia l s  su c h  as S e m e sa n , S e tre te  and A g ro x  gave v e ry  good c o n tro l 
of the  d is e a s e .  M e rg a m m a  w as the  on ly  c h e m ic a l w hich  w as e ffec tiv e  
in  the la b o ra to ry  b u t w as n o t in  the  f ie ld . In  fa c t ,  sh a llo ts  g row ing  in  
p lo ts  t r e a te d  w ith  M e rg a m m a  show ed m o re  p ink  ro o t  th an  d id  the  ch eck . 
M any f a c to r s  could  be invo lved  in  su c h  a cond ition , i . e .  th e  c h e m ic a l 
m ig h t have lo s t  i ts  a c tiv ity  to w a rd  the  p ink  ro o t  fungus in  s o il ,  bu t a d -  
v e r s ly  a ffe c te d  o rg a n is m s  w hich  w ere  a n ta g o n is tic  to  the  p in k  ro o t  fu n g u s. 
T h is  a ls o  cou ld  have b e e n  th e  fa c to r  in  PCNB t r e a te d  p lo ts  b e c a u se  h e re  
a ls o  the sh a llo ts  show ed  m o re  d is e a s e  th an  the ch eck . T h is  re d u c tio n  
in  co m p e tin g  m ic r o f lo r a  is  v e ry  l ik e ly  w hat happened  in  the  c a se  of 
PCNB b e c a u se  la b o ra to ry  t e s ts  show ed th a t  the  c h e m ic a l w ould no t k ill
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P . t e r r e s t r i s  a t  fu ll s t r e n g th  b u t i t  h a s  d e fin ite ly  b e e n  show n to  be  e f ­
fe c tiv e  a g a in s t  v a r io u s  o th e r  s o il-b o rn e  o rg a n is m s .
The r e s u l t s  o f th is  s tu d y  cou ld  e a s i ly  fo rm  the b a s is  fo r  an  
e ffe c tiv e  and p ra c tic e d  c o n tro l m e a s u re  th ro u g h  th e  u se  of fu n g ic id e s . 
H o w ev e r, th e r e  a re  som e c o n s id e ra tio n s  b e fo re  th e  u se  of the v a r io u s  
c h e m ic a ls  can  be re c o m m e n d e d  to  the  g ro w e r . The 1955 t e s t  a t  L .S .U .  
in d ic a te d  th a t  som e of the c h e m ic a ls  m a y  have a  r e ta rd in g  e ffe c t upon 
the  g ro w th  of sh a llo ts  u n d er v a r io u s  c o n d itio n s . H ow ever, th is  e ffe c t 
w as o v e rc o m e  b e fo re  the t e s t  w as c o m p le te d . N e v e r th e le s s ,  i t  does 
in d ic a te  th a t  p e rh a p s  t e s t s  shou ld  be conducted  o v e r  a  wide ra n g e  of 
so il  and  c lim a tic  cond itions b e fo re  re c o m m e n d a tio n s  a r e  m ad e .
It h a s  b e en  show n b y  R u sh d i and J e f f e r s  (22) th a t  s e v e r a l  f a c to r s  
in fluence  th e  a c tio n  of fu n g ic id es  in  so il . T hey  found th a t  pH, so il  
te x tu r e ,  and  o rg a n ic  m a t te r  w ere  the  th re e  f a c to r s  hav ing  the  m o s t  i n ­
flu en ce  on fu n g ic id a l a c tiv ity . T hey  c o n s id e re d  th e s e  th r e e  f a c to r s  to  
be  invo lved  in  a b so rp tio n  of the  fung ic ide  w ith in  th e  s o il , and  th e y  co n ­
s id e re d  th a t  th e  d e g re e  of a b so rp tio n  b y  s o i ls  w as p ro b a b ly  th e  m o s t  
im p o r ta n t  fa c to r  a ffec tin g  a c tiv ity  of so il  fu n g ic id e s .
A no ther th ing  to  be c o n s id e re d  b e fo re  m ak in g  re c o m m e n d a tio n  
i s  the p o ss ib le  e ffe c t of the  p ro lo n g ed  u se  of c h e m ic a ls  su c h  a s  S e m e sa n , 
S e tre te  and A grox  in  the  so il . B o o e r (2) h as  show n th a t  a t l e a s t  th re e  
o rg a n ic  m e rc u ry  com pounds, E th y l m e r c u r y  p h o sp h a te , P h en y l m e r c u r y  
a c e ta te  and M ethoxyethy l m e r c u r y  a c e ta te ,  a re  ra p id ly  b ro k e n  down in
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th e  so il. He s ta te s  th a t  th e re  i s  no n e e d  fo r  f e a r  of p e rm a n e n t in ju ry  
to  s o il  th ro u g h  th e  u se  of th e se  th r e e  c h e m ic a ls . I t  is  h ig h ly  p o ss ib le  
th a t  the o th e r  o rg a n ic  m e r c u r y  com pounds a re  a ls o  ra p id ly  b ro k e n  
dow n in  the  s o il .  If th is  i s  the  c a s e , o rg a n ic  m e r c u r y  com pounds 
su c h  a s  S e m e sa n , S e tre te  and  A g ro x  cou ld  b e  u se d  fo r  th e  c o n tro l of 
p in k  ro o t  w ithou t f e a r  of d e tr im e n ta l  r e s id u a l  e f fe c ts .
The o b se rv a tio n s  r e p o r te d  in  th is  s tu d y  show  th a t  a  fo u r  y e a r  
ro ta t io n  w ill n o t c o n tro l p ink  ro o t. I t  is  p o s s ib le  th a t  the  d is e a s e  
s e v e r i ty  m ay  be re d u c e d  so m ew h at, b u t the  in c id en c e  of the  d is e a s e  
a p p a re n tly  is  n o t. T h e re fo re ,  i t  do es n o t s e e m  a d v isa b le  fo r  a  g ro w e r 
to  e m b a rk  upon a  fo u r y e a r  ro ta t io n  p ro c e d u re  w ith the e x p e c ta tio n  of 
g e ttin g  r id  of p in k  ro o t.
The p ro b le m  of a  su re  m e th o d  of ob ta in ing  d is e a s e - f r e e  s e ts  
h a s  not b e en  so lv e d  d u rin g  th e  c o u rs e  of th is  s tudy . T e m p e ra tu re s  of 
su ff ic ie n t in te n s i ty  and long enough d u ra tio n  to  k ill  the fungus w ith in  
th e  s e ts  a lso  in ju re d  th e m . H o w ev er, the  s tu d ie s  on h e a t  t r e a tm e n t  
d id  b r in g  to  l ig h t  the fa c t  th a t  d if fe re n t  i s o la te s  of th e  fungus r e a c te d  
d if fe re n tly  to  the  sam e  h e a t t r e a tm e n t .  The v a r ia b i l i ty  of the  fungus 
h a s  a lso  b een  n o ted  by  G o ren z  e t  a l .  (13). T hey  r e p o r te d  th a t  i s o la te s  
f ro m  d if fe re n t a r e a s  d if fe re d  m a rk e d ly  in  p a th o g e n ic ity  u n d e r s im ila r  
co n d itio n s . A t p r e s e n t ,  p ro b a b ly  th e  b e s t  m e th o d  of ob ta in in g  d i s e a s e - 
f r e e  s e ts  is  th ro u g h  a  p ro g ra m  of r ig o ro u s  in sp e c tio n  of the  " s e e d "  
m a te r ia l .
SUMMARY
A stu d y  of the  c o n tro l of p in k  ro o t and  f a c to r s  r e la te d  to  co n ­
t r o l  of the  d is e a s e  w as c a r r i e d  out. I t  was found th a t  c e r ta in  c h e m i­
c a ls  w hich w ere  r e p o r te d  as c o n tro llin g  the d is e a s e  in  C o lo rad o  w ere  
no t e ffec tiv e  in  L o u is ia n a . W hen fo r ty - fo u r  fu n g ic id es  w e re  a s s a y e d  
in  the  la b o ra to ry  u sin g  F r o s b e r g 's  s t r in g  m e th o d , i t  w as found  th a t  
sev en  fu n g ic id es  w ould k ill: th e  fungus a t  r a t e s  w hich  w ere  p r a c t ic a l  
on a  f ie ld  b a s i s .  Six of the sev en  fu n g ic id es  w e re  m e r c u r y  com pounds. 
The sev en  fu n g ic id es  w ere : A grox , C e re s a n  M, M an za te , M e rg a m m a , 
M e rso lite  8 , S e m e sa n  and S e tre te .  In  g ree n h o u se  t e s t s  i t  w as found 
th a t  M e rg a m m a  and M e rso lite  8  w ere  p h y to tox ic . F ie ld  t e s t s  show ed 
th a t  the g ree n h o u se  t e s t  w as re l ia b le  in  the c a se  of th e s e  tw o m a te r ia ls  
s in ce  th e y  a ls o  show ed  to x ic ity  th e re .  F ie ld  t e s t s  a ls o  show ed th a t  a ll  
the  sev en  fu n g ic id e s , w ith  th e  e x ce p tio n  of M e rg a m m a , s ig n if ic a n tly  
re d u c e d  p ink  ro o t . One of th e s e  m a te r ia l s ,  PC N B , w hich  w as n o t e f ­
fec tiv e  in  the la b o ra to ry  a ls o  d id  no t c o n tro l the  d is e a s e  in  th e  f ie ld . 
T h ese  r e s u l ts  te n d  to  show  a  c o r r e la t io n  b e tw een  la b o r a to r y  and  f ie ld  
t e s t s .  H ow ever, th e re  was no  c o n s is te n t  c o r r e la t io n  b e tw ee n  th e  l a b o r a ­
to ry , g ree n h o u se  and f ie ld  t e s t s .  L a b o ra to ry  and g re e n h o u se  t e s t s  a lone 
d id  no t a p p e a r  to  be c o m p le te ly  a c c u ra te  in  d e te rm in in g  th e  e f fe c t iv e ­
n e s s  of the  fu n g ic id es  u n d er f ie ld  co n d itio n s .
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S e m e sa n , S e tre te  and  A g ro x  in  th a t  o r d e r  w e re  found  to  give 
e ffe c tiv e  f ie ld  c o n tro l of the d is e a s e  w hen u s e d  a t  the r a te  o f 1 0 0  p p m . 
T h is  w ould be a p p ro x im a te ly  e le v e n  pounds p e r  a c re  on s ix - fo o t ro w s and 
se v e n te e n  pounds on fo u r - fo o t  ro w s . The c h e m ic a ls  w ere  a p p lie d  a s  a  
d re n c h . The u se  of th e se  c h e m ic a ls  m a y  w ell becom e a  p r a c t ic a l  c o n ­
t r o l  m e a s u re  fo r  p in k  ro o t.
T h is  s tu d y  re v e a le d  th a t a  f o u r - y e a r  ro ta t io n  p la n  is  no t 
su ita b le  fo r  c o n tro l of the  p in k  ro o t  d is e a s e .
A ttem p ts  to  o b ta in  d is e a s e - f r e e  s h a l lo t  s e ts  th ro u g h  the  u se  of 
h o t a i r  w e re  u n s u c c e s s fu l.  H o w ev er, th e  v a r ia b i l i ty  of the  fungus to  
h e a t  w as d e m o n s tra te d .
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F un g ic id e M an u fac tu re  r A ctive  In g re d ie n t
A g ro x G hipm an C h e m ic a l Co. P h en y l m e r c u r y  u r e a  6 . 7°)\
A ra s a n E . I. duP on t d eN em o u rs 
and  Co.
T e tra m e th y l th iu r  am  d i ­
su lfid e  50%
B a c if  e rm C om m . S o lven t C o. B a c i t r a c in  5 g / lb .
B a lc ite B a lc o m  In d u s tr ie s Unknown
B a rb a k A m e ric a n  C y an am id  Co. M e rc u ry  pheny l cyanam id< 
8 % and  c ad m iu m  oxide 
2.5%
B ioqu in  100 M onsan to  C h e m ic a l Co. Unknown
C e re s a n  M E . I . du P o n t d eN em o u rs  
an d  Co.
E th y l m e r c u r y  P - to u le n e  
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C h e m ic a l 275 M ath ie so n  C h e m ic a l Co. A m m onium  p h o sp h a te  5%
C h e m ic a l 1562 M ath ie so n  C h e m ic a l Co. Unknown
C h e m ica l 1563 M ath ie so n  C h e m ic a l C o. Unknown
C -O -C -S N ia g a ra  S p ra y  and  
C h e m ic a l Co.
C opper o x y ch lo rid e  
su lfa te  95%
C o p p er C y a n im id e  A m e ric a n  C y an am id  Co. C opper cy an im id e  36. 02%
C o p -O -Z in k T en n . C o p p er C o. C opper (CUSO4 ) 42% 
Z inc  (Z n O S 04 ) 11%
C ra g  In d u s tr ia l  
F u n g ic id e  974
C a rb id e  an d  C a rb o n 3, 5 D im e th y lte  t r  ah y d r 0  - 
1 3 ,5 ,  2 H -th io d io z in e  - 2 - 
th ione  9 5%
C ra g  P o ta to C a rb id e  and  C a rb o n C o p p e r, Z in c  C h ro rn a te
F u n g ic id e  658
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F u n g ic id e  
C u p ro c id e  
DHAS 
Dow 9B
E xpe r  im e n ta l 
F u n g ic id e  5379
F e rm a te
Iro n  O xysu lfa te  
K a ra th an e  W p-25
M anzate
M e rg a m m a
M erko  
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C o ,
P an o g en  Inc.
A ctive  In g re d ie n t 
C u p ro u s oxide 90% 
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Z in c  tr ic h lo ro p h e n a te  
50%
Unknown
F e r r i c  d im e th y l-  
d ith io c a rb a m a te  76%
Iro n  30%
D in itro  copyl phenyl 
c ro to n a te  2 2 .5  %
M angenese  e th y le n e -  
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G am m a and o th e r  
I s o m e rs  of B enzene  
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M e rc u ry  3. 5%




Sam e a s  C ra g  974
N - tr ic h lo ro m e th y lth io  
te tra h y d ro p h th a lim id e  75%
M ethyl m e r c u r y  d ic y -  
an d iam id e  2 . 2%
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P a r  z a te
PCNB
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P re v e n to l  G . D. 
P u ra t iz e d  177 
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Ze re la te
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E . I . du P o n t d e N em o u rs  
and  Co.
M a th ie so n  C h e m ic a l Co.
U. S. R u b b er Co.
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G a llo w h u r C h e m ic a l Co.
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F e n ta c h lo ro n i t ro -  
b en zen e  70%
2, 3 - d ic h lo r o - l ,  4 -n a p th o  
quinone
D ihydr o x y d ich lo ro  - 
d ip h en y lm eth an e  9 6%
P h e n y lam in o  c ad m iu m  
d ila c ta te  1 0 0 %
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pheno l 30%
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30%
Z inc  d im e th y ld ith io -  
c a rb a m a te  76%
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